The new type of visual pitfall apparatus was devised to separate motion parallax from density difference and the chick's avoidance of the pitfall was observed. Visual pitfalls were laid out to block the chick's straight-forward locomotion. Its locomotion was traced until it escaped from the two-fold pitfall arrangement.
The authors' attention was paid to the determination of efficient cue for visual depth discrimination by the aid of visual pitfall technique. In the previous article (Tsuji, Hayashibe & Hara, 1972) , the following problems were pointed out through reviewing a series of experiments by Walk and Gibson in which the visual cliff technique was used (Walk & Gibson, 1961) .
First, preference in the visual cliff was a sort of response not forcibly required to a subject; the animal was placed on a centerboard (3-3.5 inches above the glass surface) and was tested for preference without forcing him to choose either of two sides, deep or shallow. In such a situation, the animal who is high in ability of visual depth discrimination would hesitate to go down to either deep or shallow side. The lack of response would seem to reflect not only inactiveness, but might be an excessive inhibition of response based on the centerboard and both sides. In short, preference is not an exact indicator of visual depth discrimination.
Secondly, the rat was used for a subject in a series of cue analysis. Although the hooded rat is not so defective as the albino, rat in general (or rodent in general) orginally has the nocturnal habit as is shown in its daily activity rhythm, and can locomote freely without any visual guidance. Its locomotion depends more upon tactual, kinesthetic and cutaneous cues. Less dependancy upon visual cue was demonstrated by placing it directly on the glass surface over the deep side of the cliff. The rat showed neither confused nor fearful reactions at all. It seemed a problem to use such a non-visual species for the determination of efficient cue.
A visual pitfall apparatus was devised so that the first problem might be solved, and a chick at the early stage of life was chosen as a subject, whose locomotive behavior is guided visually, to avoid the second problem.
The finding from such an improved experiment (Tsuji, et al., 1972) reconfirmed the previous one that the motion parallax is innately efficient among various alternative cues (Walk & Gibson, 1961; Walk, 1965) . Visual pitfalls were unequivocally avoided at all times when motion parallax arose between basal and lower surfaces. With the density difference but without motion cue the chick could not avoid the area.
However, there seemed much to be desired in the previous study. Motion parallax was not separated from density difference since the equal-sized checkers were put on both basal and lower surfaces. Additionally, random arrangement of pitfalls kept observers from clearly rating the chick's response to them. Those weak points restrained authors from concluding that motion parallax innately acts as a dominant cue even if it is isolated from the other cues.
The present study was attempted to obtain a conclusion on the dominant cue for visual depth discrimination in the chick.
METHOD
Apparatus. The apparatus used in the present study (Visual pitfall-Type II) was basically similar to the one in the previous study (Visual pitfall-Type I). It was a sort of opensurface freely except for the visual pitfalls scattered on it to block the chick's straight-forward locomotion and to elicit avoidance or jumping. Experimenters were able to estimate what kind of optical stimulation caused the chick to discriminate the depth by assessing its response to the pitfall area.
Flo. 1-a. A schematic representation of the visual pitfall apparatus (side view).
Visual pitfall-Type I had a defect of contaminating cues involved, since its side walls produced the linear perspective effect inside the pitfall. So, as shown in Fig. 1 , the basal surface was sustained from the ceiling, and side walls could be taken off if necessary. For this apparatus, the lower surface had to be enlarged to make the external cue invisible even when the side walls were taken off ; the lower surface being nine times as large as the basal one in area.
Moreover, since Type I had irregular or natural arrangement of pitfalls, there were cases in which it was difficult or impossible to judge the response as avoidance or non-avoidance from the trace of locomotion, although the pitfalls were scattered to block the chick's straight-forward locomotion. Some conditions, therefore, had to be reexamined.
Pitfalls in Type II were laid out to have the critical points to judge success or failure in avoidance equally with the direction of locomotion. That is, pitfalls on the basal surface were laid out so as to make a kind of detour equally for all directions for the pitfall avoidance. Two additional chicks of same age in hours were placed on both ends of the basal surface with walls of transparent plexi-glass between the subject chick and these lure chicks.
It was assumed that such an introduction of lure chicks caused the subject to strengthen the approaching drive toward them, to elicit the straight-forward locomotion, and to increase the probability of intrusion in the pitfall area. So, if a pitfall avoidance can be observed in this situation, it will be estimated with high confidence. As a minor change, a pattern of spots was adopted as a substitute for the checker pattern on the surfaces. Although it is true that the checker pattern was desirable in that its density could be varied with the white-black ratio remaining constant, a pattern of spots was adopted for the convenience of cue control.
Condition. Cues were eliminated one by one from the condition in which visual pitfalls were successfully avoided in the previous experiment. The following six conditions were compared (Table 1) .
(1) Condition R-R-R: It contained basal surface, lower surface and side walls on which the same-sized spots were arranged regularly (R). It corresponded to the Condition C-C-C in the previous experiment, and provided motion parallax, linear perspective and size difference as cues for depth discrimination.1 (2) Condition R-R : Side walls were removed from the Condition R-R-R to eliminate the linear perspective. The lower surface was approximately nine times as large as the basal one.
(3) Condition I-I: It contained the basal and lower surfaces on which spots of various sizes were irregularly scattered (I). Motion parallax was isolated in this condition. The average size of spots on the lower surface was enlarged to equate those on the basal surface in the visual angle. The height of chick's eyes being assumed to be 5 cm above the basal surface, the visual angle was averaged at 48'. White-black ratio was approximated to 1:1.
(4) Condition I-I-I: It was supplementary condition for an elimination method. Side walls were added to the Condition I-I cited above. In this condition, to the motion parallax between basal and lower surfaces was added the one betwean basal surface and side walls.
(5) Condition R-0-0:
It was a non-pitfall condition given to compare with Conditions R-R-R and R-R for the trace and time scores of locomotion. Basal surface had no pitfalls and had a regular arrangement of the samesized spots (6) Condition I-0-0: Similarly, a comparison condition for Conditions I-I and I-I-I It was also a non-pitfall situation in which the various-sized spots were arranged irregularly.
In all of these conditions, the basal and lower surfaces of the apparatus were kept at the same level of illumination (300 lux).
Subject. 120 naive male chicks from 25 to intrinsically included in the density difference. Two of them, however, were separated after conventional classification. 
RESULTS
As for the response to visual pitfalls, the chick's locomotion was traced and rated with four categories: complete avoidance (+ +), incomplete avoidance (+), intrusion after some hesitation at the edge of pitfall with sudden stop or turns (-), and intrusion without hesitation (--).
The result was shown in Table 2 , where percent avoidance was calculated with complete and incomplete avoidances combined. As shown, avoidance of 80% was obtained in Conditions R-R-R and R-R, although it had been expected that the former would produce a higher rate of avoidance than the latter since it had more abundant cue stimuli. It seems suitable to think that Condition R-R provided an adequate amount of motion parallax and density difference to bring about the chick's visual depth discrimination Condition I-I in which motion parallax was isolated by eliminating density difference brought about the avoidance of 30%. Such a significant decrease in percent avoidance in this condition may lead us to deny the effectiveness of motion parallax as a dominant cue.
However, when the motion cue was intensified by adding side walls in Condition I-I-I, avoidance rose to 65%. The following problems were indicated when examining the condition. In Conditions I-I and I-I-I, a pattern of spots on the lower surface was enlarged to equate with the basal surface in the visual angle, as previously described. As a result of such an operation, spots were fewer in number; and, moreover, theedge of spots was gently curved so that it might become difficult for the chick to detect the motion parallax by its head movement. In short, the motion cue as such was lacking in these conditions. Thus, the pattern on the lower surface was clarified by increasing the spots, sharpening the edges, and intensifying the illumination, in order to make the detection of motion parallax easier. It is Condition I-I' in the Table. As a result, avoidance came up to 85% and no differences were found among Conditions R-R-R, R-R and I-I' (x2=5.20, n. s.).
In the two control conditions, all of chicks passed through the area which corresponded to the visual pitfall in the five conditions cited above, which means that pitfalls were arranged to block the chick's natural locomotion toward either lure in this experiment.
Three kinds of time scores were recorded in addition to the percent avoidance. It was expected that latency and response time would be lengthened as the chick perceived the depth clearly, since the fear accompanied with the depth inhibits its spontaneous locomotion.
Mean and median latency and response time for each of seven conditions were shown in Table 3 , where the response time was calculated by subtracting latency from running time. The result showed the rough coincidence with the expectation. Both latency and response time were the smallest in the two control conditions. In all of the five conditions both latency and response time were lengthened, roughly depending on the percent avoidance.
DISCUSSION
These results coincided with those obtained in a authors' previous study (Tsuji, et al., 1972) . It was concluded that the motion parallax singly acts as the most essential cue for visual depth discrimination in the young chick.
As was shown, the chick's head or eye movements caused the motion parallax which suppressed its intrusion into visual pitfalls.
It has been widely accepted that nidifugae in general shows a typical following response to a moving object in its early period of life. Apart from experimental data, it may be interesting to note that the motion provides basic information for the aim of the animal's survival. The motion of an object causes an animal to approach and follow it, and the following usually enhances the probability of getting food. The motion caused by the animal himself, on the other hand, acts as a cue for visual depth, and inhibits his reckless falls as the authors demonstrated by using the visual pitfall technique. What mechnisms dif-ferentiate these two kinds of motion is still an open question. However, Gibson's ' visual kinesthesis ' (Gibson , 1958) may be considered as a promising concept for the visual depth perception guiding locomotive behavior.
Of course, the authors' conclusion is derived from the results obtained with only the chick from 25 to 35 hours of age. No data have been obtained with the chick at earlier stage and the analysis of the developmental process has not started yet. Further study will be required to clarify the formation process of alternative cues.
